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(57) ABSTRACT 

A novel MOS transistor, which includes a source region, a 
drain region, a channel region, an isolation region, a drift 
region, a gate dielectric layer, a gate electrode and a field 
plate, is provided. The gate electrode has a first portion and 
a second portion. The first portion of a first conductivity type 
is located over the channel region and has a width equal to 
or greater than a distance of the gate electrode overlapped 
with the channel region. The second portion is un-doped and 
located over the isolation region. Accordingly, the MOS 
transistor allows higher process freedom saves production 
cost, as well as improves reliability. 

17 Claims, 5 Drawing Sheets 

  



U.S. Patent Oct. 18, 2016 Sheet 1 of 5 US 9.472,665 B2 

  



U.S. Patent Oct. 18, 2016 Sheet 2 of 5 US 9.472,665 B2 

10a 

? 
9 
t 

: 20a 
.9 
5 
2 
t 

Lateral direction (um) 

Fig. 3 

250 
-Y- 

252 254 
40 

Zx2ZYZZYZa-280 

232 - 234 

236 220 

  

  



U.S. Patent Oct. 18, 2016 Sheet 3 of 5 US 9.472,665 B2 

Fig. 5A 

212 \ / 220 
210 

Fig. 5B 



U.S. Patent Oct. 18, 2016 Sheet 4 of 5 US 9.472,665 B2 

Fig. 5C 

  



U.S. Patent Oct. 18, 2016 Sheet S of 5 US 9.472,665 B2 

ZZZZZZZZZZZZZZZZZZZZZYZZZZ 

ole 
o 9 

- 

      

    

  



US 9,472,665 B2 
1. 

MOS TRANSISTOR AND METHOD FOR 
MANUFACTURING MOS TRANSISTOR 

BACKGROUND 

Description of Related Art 

High voltage metal-oxide-semiconductor (MOS) transis 
tors, such as laterally diffused metal oxide semiconductor 
(LDMOS) transistors, are widely used in applications like 
automobile industry, display drivers, portable telecommuni 
cation devices and medical equipment. The LDMOS tran 
sistors are often utilized for high-voltage applications. 
Therefore, it is desirable that LDMOS transistors possess 
higher breakdown voltages to Support other electrical 
devices that operate at high Voltages. Breakdown Voltage is 
the voltage level at which an uncontrollable increase in 
current through the LDMOS transistor occurs. 

In order to increase device breakdown voltage of the 
LDMOS transistor, a metal field plate should be added on an 
inter-layer dielectric (ILD) layer that covers a gate electrode, 
so as to release device electric field. Nevertheless, the metal 
field plate is formed by a photomask process, which limits 
manufacturing process freedom and leads to a high produc 
tion cost. Accordingly, there is a need for improved MOS 
transistor structures capable of releasing device electric field 
and formed without the photomask process to save produc 
tion cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present disclosure are best under 
stood from the following detailed description when read 
with the accompanying figures. It is emphasized that, in 
accordance with the standard practice in the industry, vari 
ous features are not drawn to scale. In fact, the dimensions 
of the various features may be arbitrarily increased or 
reduced for clarity of discussion. 

FIG. 1 is a cross-sectional view of a general MOS 
transistor. 

FIG. 2 is a cross-sectional view of a MOS transistor 
according to various embodiments of the present disclosure. 

FIG. 3 is a relationship diagram between electric field and 
lateral direction of a comparative MOS transistor and a 
MOS transistor according to various embodiments of the 
present disclosure. 

FIG. 4 is a cross-sectional view of a MOS transistor 
according to various embodiments of the present disclosure. 

FIGS. 5A-5F are cross-sectional views at various stages 
of manufacturing a MOS transistor according to various 
embodiments of the present disclosure. 

DETAILED DESCRIPTION 

It is to be understood that the following disclosure pro 
vides many different embodiments, or examples, for imple 
menting different features of the invention. Specific 
examples of components and arrangements are described 
below to simplify the present disclosure. These are, of 
course, merely examples and are not intended to be limiting. 
Moreover, the formation of a first feature over or on a second 
feature in the description that follows may include embodi 
ments in which the first and second features are formed in 
direct contact, and may also include embodiments in which 
additional features may be formed interposing the first and 
second features, such that the first and second features may 
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2 
not be in direct contact. Various features may be arbitrarily 
drawn in different scales for the sake of simplicity and 
clarity. 
The singular forms “a,” “an and “the used herein 

include plural referents unless the context clearly dictates 
otherwise. Therefore, reference to, for example, a field plate 
includes embodiments having two or more Such field plates, 
unless the context clearly indicates otherwise. Reference 
throughout this specification to “one embodiment” or “an 
embodiment’ means that a particular feature, structure, or 
characteristic described in connection with the embodiment 
is included in at least one embodiment of the present 
disclosure. Therefore, the appearances of the phrases "in one 
embodiment' or “in an embodiment in various places 
throughout this specification are not necessarily all referring 
to the same embodiment. Further, the particular features, 
structures, or characteristics may be combined in any Suit 
able manner in one or more embodiments. It should be 
appreciated that the following figures are not drawn to scale; 
rather, these figures are intended for illustration. 
The present disclosure relates to a laterally diffused metal 

oxide semiconductor (LDMOS) transistor and a method for 
manufacturing the same. The variations of the LDMOS 
transistor in accordance with embodiments are discussed. 
The various stages of fabricating the LDMOS transistor are 
illustrated. Throughout the various views and illustrative 
embodiments, like reference numbers are used to designate 
like elements. 

FIG. 1 is a cross-sectional view of a general MOS 
transistor 10. The MOS transistor 10 includes a semicon 
ductor substrate 110, a channel region 112, a drift region 
114, an isolation region 120, a source region 132, a drain 
region 134, a lightly doped drain (LDD) region 136, a gate 
dielectric layer 140, a gate electrode 150 and spacers 162, 
164. In order to increase device breakdown voltage, a metal 
field plate 180 is added on an inter-layer dielectric (ILD) 
layer 170 to help release device electric field. Nevertheless, 
the metal field plate 180 may be fabricated by a photomask 
process, and thus limits process freedom and leads to a high 
production cost. Furthermore, a thickness of the ILD layer 
170 is generally determined by other process conditions 
Such that device breakdown voltage tuning is limited. 

FIG. 2 is a cross-sectional view of a MOS transistor 20 
according to various embodiments of the present disclosure. 
The MOS transistor 20 is a LDMOS transistor configuration 
for high-voltage (e.g., 50-1000 volts) applications. The 
MOS transistor 20 includes a semiconductor substrate 210, 
a channel region 212, a drift region 214, an isolation region 
220, a source region 232, a drain region 234, a LDD region 
236, a gate dielectric layer 240, a gate electrode 250, spacers 
262, 264 and a field plate 280. 
The semiconductor substrate 210 may be made of semi 

conductor material Such as silicon, germanium, silicon ger 
manium, silicon carbide and those consisting essentially of 
III-V compound semiconductors (e.g., GaAs and Si/Ge). 
The semiconductor substrate 210 may be amorphous, poly 
crystalline or single-crystalline. The semiconductor Sub 
strate 210 may be of N-type or P-type. In one embodiment, 
the MOS transistor 20 is an N-type MOS transistor and 
fabricated in a P-type semiconductor substrate 210. 
The isolation region 220 is located in the semiconductor 

substrate 210 and adjacent to the drain region 234. The 
isolation region 220 may include an oxide or nitride mate 
rial. The isolation region 220 is utilized to reduce device 
electric field near the drain region 234. In one embodiment, 
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the isolation region 220 is a shallow-trench isolation (STI) 
region. In another embodiment, the isolation region 220 is a 
field oxide (FOX) region. 
The source region 232 of a first conductivity type and the 

drain region 234 of the first conductivity type are disposed 5 
in the semiconductor substrate 210. In the embodiment that 
the MOS transistor 20 is an N-type MOS transistor, the 
source region 232 and the drain region 234 are doped with 
N-type dopants, such as arsenic, phosphorus, antimony or a 
combination thereof with a doping concentration from about 10 
10 cm to about 10" cm. 
The channel region 212 of a second conductivity type 

opposite to the first conductivity type is located in the 
semiconductor substrate 210 between the source region 232 
and the drain region 234. Specifically, the channel region 15 
212 extends along an upper Surface of the semiconductor 
Substrate 210, between the facing edges of the source region 
232 and the drift region 214. In the embodiment that the 
MOS transistor 20 is an N-type MOS transistor, the channel 
region 212 is doped with P-type dopants; in other words, the 20 
channel region 212 is considered as a P-type well (PW) 
region. 
The drift region 214 of the first conductivity type is acted 

as an extension region of the drain region 234, which is 
disposed laterally adjacent to the channel region 212 and 25 
beneath the isolation region 220 and the drain region 234. 
The doping profile of the drift region 214 is beneath the 
drain region 234 and Surrounds the isolation region 220. In 
the embodiment that the MOS transistor 20 is an N-type 
MOS transistor, the drift region 214 is doped with N-type 30 
dopants such as arsenic, phosphrous, antimony or a combi 
nation thereof with a doping concentration less than that of 
the drain region 234; that is, the drift region 214 may be or 
an N-well (NW) region or a high voltage N-well (HVNW) 
region. 35 
The gate dielectric layer 240 is disposed over the channel 

region 212 and extends over the drift region 214 and the 
isolation region 220. In other words, the gate dielectric layer 
240 extends from a location adjacent to the source region 
232, along the upper Surface of the semiconductor Substrate 40 
210, to a location on the isolation region 220 and adjacent 
to the drain region 234. The gate dielectric layer 240 may be 
formed by thermal grown method or deposition. As an 
example, the gate dielectric layer 240 may be made of 
thermally grown material including silicon dioxide or silicon 45 
nitride, or deposited by chemical vapor deposition (CVD), 
such as plasma enhanced CVD (PECVD), low pressure 
CVD (LPCVD) or atmosphere pressure CVD (APCVD). 
The gate electrode 250 is disposed over the gate dielectric 

layer 240. Specifically, the gate electrode 250 extends from 50 
a location aligned with one end of the gate dielectric layer 
240 close to the source region 232, along the surface of the 
channel region 212, the surface of the drift region 214 and 
the Surface of the isolation region 220, to a location aligned 
with the other end of the gate dielectric layer 240 on the 55 
isolation region 220. The gate electrode 250 may be made of 
a conductive material Such as polysilicon (poly), metal or 
metal alloy. In one embodiment, the gate electrode 250 
includes polysilicon. In various embodiments, the gate elec 
trode 250 has a thickness in a range of 500 to 10,000 60 
angStroms. 
The field plate 280 is disposed on and contacts an upper 

surface of the gate electrode 250. The field plate 280 
includes polycide, for an example, the polycide may be a 
material selected from the group consisting of cobalt sili- 65 
cide, titanium silicide, tungsten silicide, nickel silicide and 
a combination thereof. The field plate 280 may be made of 

4 
any conventional process such as salicide process rather than 
a photomask process, so as to save production cost and to 
allow more process freedom. As a result, in Some embodi 
ments, the gate electrode 250 and the field plate 280 are 
Substantially identical in pattern in a top view. In some 
embodiments, the field plate 280 has a thickness in a range 
of 10 to 300 angstroms. 

In various embodiments, as a particular feature the gate 
electrode 250 has a first portion 252 of the first conductivity 
type over the channel region 212 and an un-doped second 
portion 254 over the isolation region 220. Thus, the second 
portion 254 of the gate electrode 250 has a resistance greater 
than a resistance of the first portion 252 of the gate electrode 
250. The second portion 254 is acted as a high resistance 
gate when the MOS transistor 20 is in the “on” state, and 
acted as a high resistance layer when the MOS transistor 20 
in the “off” state. That is, the second portion 254 has a 
similar function as the ILD layer 170 of FIG. 1 when the 
MOS transistor 20 is in the “off” state. Additionally, it is 
noteworthy that, because a thickness of the second portion 
254 could be adjusted without concerning other process 
conditions, the breakdown voltage tuning is easier than that 
of the general MOS transistor 10. In the embodiment that the 
MOS transistor 20 is an N-type MOS transistor, the first 
portion 252 is doped with N-type dopants 252a. 
The gate electrode 250 has a width (i.e., a sum of a width 

W1 of the first portion 252 and a width W2 of the second 
portion 254) less than a sum of a distance L of the gate 
electrode 250 overlapped with the channel region 212, a 
clearance B between the channel region 212 and the isola 
tion region 220, and a lateral dimension S of the isolation 
region 220 (i.e., W1+W2<L+B+S). In various embodiments, 
as shown in FIG. 2, a source active area SAA includes the 
source region 232, the LDD region 236, a portion of the 
channel region 212 under the gate electrode 250, as well as 
a portion of the drift region 214 between the isolation region 
220 and the channel region 212; a drain active area DAA 
includes the drain region 234. Thus, the lateral dimension S 
may also be defined as the space between the source active 
area SAA and the drain active area DAA. 

In various embodiments of the present disclosure, the first 
portion 252 has a limitation that the width W1 of the first 
portion 252 is equal to or greater than the distance L of the 
gate electrode 250 overlapped with the channel region 212 
(i.e., W1-L). In another aspect, the width W1 is less than a 
sum of the distance L, the clearance B between the channel 
region 212 and the isolation region 220, and the lateral 
dimension S of the isolation region 220 (i.e., W1<L+B+S). 
In the illustrated embodiment, the width W1 is greater than 
the distance L plus the clearance B (i.e., W1 >L+B). That is, 
the first portion 252 of the gate electrode 250 further extends 
over a portion of the drift region 214 and a portion of the 
isolation region 220. 
The MOS transistor 20 may selectively includes a LDD 

region 236 formed beneath the spacer 262, adjoining the 
source region 232. In the embodiment that the MOS tran 
sistor 20 is an N-type MOS transistor, the LDD region 236 
is an N-type lightly doped drain (NLDD) region. 
The spacer 262 is provided on the LDD region 236 and 

contacting a sidewall of the first portion 252 of the gate 
electrode 250; the spacer 264 is provided on the isolation 
region 220 and contacting a sidewall of the second portion 
254 of the gate electrode 250. Silicon nitride or silicon 
dioxide may be employed to make the spacers 262. 264. 

FIG.3 is a relationship diagram between electric field and 
lateral direction of a comparative MOS transistor and a 
MOS transistor 20. The electric field is measured from a 
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location adjacent to the Source region to a location adjacent 
to the drain region. The comparative MOS transistor has a 
same gate structure as that of the MOS transistor 20, the ILD 
layer 170 and the metal field plate 180 of FIG. 1. As shown 
in FIG. 3, a curve 10a of the comparative MOS transistor has 
two peak values, in which the maximum electric field (i.e., 
right peak value) occurs at a location outside the gate 
electrode 250. A curve 20a of the MOS transistor 20 has a 
maximum electric field occurs at a junction between the first 
portion 252 and the second portion 254, which is similar to 
the left peak value of the curve 10a. In some embodiments, 
the electric field at a location outside the gate electrode 250 
of the MOS transistor 20 is less than that of the comparative 
MOS transistor about 14%, such that the MOS transistor 20 
has better reliability than that of the comparative MOS 
transistor. As mentioned above, the field plate 280 directly 
disposed on the gate electrode 250 can be used to reduce the 
electric field outside the gate electrode so as to improve 
reliability. 

FIG. 4 is a cross-sectional view of a MOS transistor 40 
according to various embodiments of the present disclosure. 
The difference between the MOS transistor 40 and the MOS 
transistor 20 is that the MOS transistor 40 has a width W1 
of the first portion 252 of the gate electrode 250 less than the 
distance L of the gate electrode 250 overlapped with the 
channel region 212 plus the clearance B between the channel 
region 212 and the isolation region 220 (i.e., W1<L+B). 
Generally, to have better electrical performance, the width 
W1 is as great as possible and the distance L is as Small as 
possible according to various embodiments of the present 
disclosure. It is noted that, in practical applications, the ratio 
of width W1 and the width W2 can be arbitrarily adjusted to 
meet a need for the improvements of a Voltage breakdown, 
and thus not limited to the embodiments shown in the 
embodiments of the present disclosure. 

FIGS. 5A-5F are cross-sectional views at various stages 
of manufacturing the MOS transistor 20. To clarify descrip 
tion and avoid repetition, like numerals and letters used to 
describe the MOS transistor 20 above are used for the 
various elements in the coming figures. Also, reference 
numerals described previously may not be described again 
in detail herein. 
As shown in FIG. 5A, a semiconductor substrate 210 is 

provided, and an isolation region 220 is then formed therein. 
For an example, selective oxidation may be performed to 
form the isolation region 220 (e.g., a STI region or a FOX 
region). 

Next, as shown in FIG. 5B, a drift region 214 is formed 
by implanting first conductivity type dopants in a selective 
area of the semiconductor substrate 210. The drift region 
214 is laterally adjacent to a channel region 212 and beneath 
the isolation region 220, and is acted as an extension of a 
drain region to be formed Subsequently. In various embodi 
ments, a channel region 212 is formed by implanting second 
conductivity type dopants in another selective area of the 
semiconductor substrate 210 prior or next to the step of 
forming the drift region 214. 

Continuing in FIG. 5C, a gate dielectric layer 240 is 
deposited over the channel region 212 and the drift region 
214, and a gate electrode 250 is formed over the gate 
dielectric layer 240. For an instance, a gate dielectric mate 
rial layer (not shown) is formed on the channel region 212 
and the drift region 214 by thermally grown or by deposi 
tion. Subsequently, a gate layer (not shown, e.g., a polysili 
con layer) is deposited on the gate dielectric material layer 
and then patterned to form the gate electrode 250. Sequen 
tially, the gate electrode 250 is acted as a mask, and the gate 
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6 
dielectric material layer is dry etched to form the gate 
dielectric layer 240 beneath the gate electrode 250. 

Referring now to FIG. 5D, a lightly doped drain (LDD) 
region 236, first and second spacers 262, 264, a source 
region 232 and a drain region 234 are formed by any 
conventional method. For an example, a lightly ion implan 
tation process is performed by implanting the dopants of the 
first conductivity type to a selective area of the channel 
region 212 to form the LDD region 236. Next, deposition, 
photolithographic and etching processes are sequentially 
performed to form the first and second spacers 262, 264 at 
the opposite sidewalls of the gate electrode 250. The dopants 
of the first conductivity type are then respectively implanted 
into a selective area of the channel region 212 and a selective 
area of the drift region 214 to form the source region 232 and 
the drain region 234. 
As shown in FIG. 5E, the dopants 252a of the first 

conductivity type are implanted in a portion 252 of the gate 
electrode 250 over the channel region 212. In some embodi 
ments, arsenic is employed with a doping concentration 
from about 10 cm to about 10 cm under a condition 
of less than 60 keV. In some embodiments, it is employed for 
phosphrous with a doping concentration from about 10' 
cm to about 10" cm under a voltage less than 120 keV. 
Before implanting the dopants 252a of the first conductivity 
type, a mask layer (not shown) is formed covering the gate 
electrode 250, and a portion of the mask layer is then 
removed to expose the portion 252 of the gate electrode 250. 

It is noteworthy that the portion 252 of the gate electrode 
250 has a width W1 equal to or greater than a distance L of 
the gate electrode 250 overlapped with the channel region 
212 (i.e., W1L). Also, the width W1 is less than a sum of 
the distance L, the clearance B between the channel region 
212 and the isolation region 220, and the lateral dimension 
S of the isolation region 220 (i.e., W1<L+B+S). In the 
illustrated embodiment, the width W1 is greater than the 
distance L plus the clearance B (i.e., W1D-L+B). 

Finally, as shown in FIG. 5F, a field plate 280 is formed 
on and contacting an upper Surface of the gate electrode 250, 
in which the field plate 280 includes polycide. In one 
embodiment, forming the field plate 280 on and contacting 
the upper surface of the gate electrode 250 includes: depos 
iting a metal-containing layer (not shown, e.g., Co, Ti, W or 
Nilayer) on the upper surface of the gate electrode 250, and 
then performing an annealing process on the metal contain 
ing layer to perform a silicidation reaction between the metal 
and the gate electrode 250. In one embodiment, the gate 
electrode 250 includes polysilicon. 

Given the above, the embodiments of the present disclo 
Sure discussed above have advantages over existing struc 
tures and methods. The field plate according to the embodi 
ments of the present disclosure can be formed without a 
photomask process so as to save production cost and to 
allow higher process freedom. The field plate directly dis 
posed on the gate electrode according to the embodiments of 
the present disclosure can be used to reduce the electric field 
outside the gate electrode so as to improve reliability. 
Further, a thickness of the un-doped second portion of the 
gate electrode according to the embodiment of the present 
disclosure can be adjusted without concerning other process 
conditions, such that breakdown Voltage tuning is easy. 
The foregoing has outlined features of several embodi 

ments so that those skilled in the art may better understand 
the detailed description that follows. Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
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and/or achieving the same advantages of the embodiments 
introduced herein. Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
make Various changes, substitutions and alterations herein 
without departing from the spirit and scope of the present 
disclosure. 
What is claimed is: 
1. A MOS transistor in a semiconductor substrate, the 

MOS transistor comprising: 
a source region of a first conductivity type and a drain 

region of the first conductivity type in the semiconduc 
tor substrate; 

a channel region of a second conductivity type opposite to 
the first conductivity type in the semiconductor sub 
Strate between the source region and the drain region; 

an isolation region adjacent to the drain region; 
a drift region of the first conductivity type laterally 

adjacent to the channel region and beneath the isolation 
region and the drain region; 

a gate dielectric layer over the channel region and extend 
ing over the drift region; 

a gate electrode over the gate dielectric layer having a first 
portion and a second portion, wherein the first portion 
of the first conductivity type has a uniform or substan 
tially uniform dopant concentration and is over the 
channel region and further extends over a portion of the 
drift region and a portion of the isolation region, the 
Second portion is un-doped and over the isolation 
region, an interface between the first portion and the 
second portion is directly overlying the isolation 
region, and the first portion has a width less than a 
width of the second portion; and 

a field plate contacting an upper surface of the gate 
electrode, wherein the field plate comprises polycide. 

2. The MOS transistor of claim 1, wherein the gate 
electrode and the field plate are substantially identical in 
pattern. 

3. The MOS transistor of claim 1, wherein the width of the 
first portion is less than a sum of the distance of the gate 
electrode overlapped with the channel region, a clearance 
between the channel region and the isolation region, and a 
lateral dimension of the isolation region. 

4. The MOS transistor of claim 1, wherein the width of the 
first portion of the gate electrode is greater than the distance 
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of the gate electrode overlapped with the channel region plus 
a clearance between the channel region and the isolation 
region. 

5. The MOS transistor of claim 1, wherein the gate 
electrode has a thickness in a range of 500 to 10,000 
angstroms. 

6. The MOS transistor of claim 1, wherein the field plate 
has a thickness in a range of 10 to 300 angstroms. 

7. The MOS transistor of claim 1, wherein the polycide is 
a material selected from the group consisting of cobalt 
silicide, titanium silicide, tungsten silicide, nickel silicide 
and a combination thereof. 

8. The MOS transistor of claim 1, wherein the gate 
electrode comprises polysilicon. 

9. The MOS transistor of claim 1, wherein the channel 
region comprises P-type dopants, and the first portion of the 
gate electrode, the source region, the drain region and the 
drift region comprise N-type dopants, and the MOS transis 
tor is a laterally diffused metal oxide semiconductor (LD 
MOS) transistor. 

10. The MOS transistor of claim 1, wherein the isolation 
region is a shallow-trench isolation (STI) region. 

11. The MOS transistor of claim 1, wherein the second 
portion of the gate electrode has a resistance greater than a 
resistance of the first portion of the gate electrode. 

12. The MOS transistor of claim 1, further comprising a 
spacer laterally adjacent to the gate dielectric layer, the gate 
electrode and the field plate. 

13. The MOS transistor of claim 12, wherein the spacer is 
in contact with a sidewall of the field plate. 

14. The MOS transistor of claim 12, further comprising a 
lightly doped drain (LDD) region beneath the spacer and 
adjoining the source region. 

15. The MOS transistor of claim 1, wherein a lateral 
dimension of the isolation region is greater than a clearance 
between the channel region and the isolation region. 

16. The MOS transistor of claim 1, wherein a lateral 
dimension of the isolation region is greater than a sum of a 
distance of the gate electrode overlapped with the channel 
region and a clearance between the channel region and the 
isolation region. 

17. The MOS transistor of claim 1, wherein the gate 
dielectric layer further extends over a portion of the isolation 
region. 
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